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Specification 

1 . Title of the Invention 

Method for Preventing Slipping of Paper 



2. Scope of Claims 

A method for preventing slipping of paper, characterized by applying on the surface of paper a 
product obtained by reacting, with a quaternization agent, a copolymer comprising 95 to 80 
mol % of styrene and/or styrene derivative represented by the general formula 

I 

CH, m C 




(in the formula, Rj is a hydrogen atom or methyl group and R 2 is a hydrogen atom or chlorine 
atom or methyl group or monochloromethyl group), and 5 to 20 mol % of ester acrylate or 
ester methacrylate represented by the general formula 



X - O — fcCBi-3-a — I. 2 ! 
I 

o 



Ha 



(in the formula, Ri is as mentioned above, R3 is a methyl group or ethyl group, and n is an 
integer of 2 or 3); or a copolymer comprising 94 to 60 mol % of styrene and/or styrene 



derivative represented by the general formula [I], 5 to 20 mol % of ester acrylate or ester 
methacrylate represented by the general formula [II], and 1 to 20 mol % of other vinyl 
monomer having a copolymerization property with each monomer represented by the general 
formulas [I] and [II]. 

3. Detailed Explanation of the Invention 

The present invention relates to a method for preventing slipping of paper, by applying on the 
surface of cardboard or paper a product obtained by reacting a specific vinyl copolymer and a 
quaternization agent as an anti-slipping agent, in order to prevent slipping of various types of 
cardboard and paper. 

A variety of agents to improve paper quality are used in recent years in response to the 
increasingly diverse applications of cardboard and paper as well as emergence of special 
cardboard or paper applications. These agents are used to improve various paper properties 
such as paper strength, water resistance (sizing property), oil resistance, water repellency, 
printability, smoothness, and gloss, to name a few. On the other hand, these agents tend to 
reduce the friction coefficient on paper surface and thereby make paper more slippery. 
Although paper quality must be improved, slippery paper presents a number of problems in the 
process of handling or processing paper. 

For this reason, it is desirable that improved paper quality be accompanied by suppressed 
slipperiness of paper. 

Traditional methods that have been employed widely to make paper less slippery include 
making the paper surface rougher, and applying an inorganic substance such as alumina or 
silica sol on the paper. However, these methods cause calender rolls to wear significantly and 
consequently require frequent maintenance and inspection of calendar rolls and other 
equipment used in printing. This makes these methods considerably problematic in view of 
their negative effects on actual operations, and naturally the quality of paper obtained through 
such methods is poor. For these reasons, the aforementioned methods do not provide suitable 
options. 

After conducting a series of studies in earnest with the aim of improving the drawbacks 
mentioned above, the inventors discovered an anti-slipping agent that reduces slipperiness of 
paper without lowering the paper quality, while causing little increase in slipperiness due to 
repeated friction, or an anti-slipping agent that causes hardly any drop in the friction coefficient 
of paper This discovery led to the completion of the present invention. 

In other words, the present invention provides a method for preventing slipping of paper, 
characterized by applying on the surface of paper a product obtained by reacting, with a four 
paper producing agent, a copolymer comprising 95 to 80 mol % of styrene and/or styrene 
derivative represented by the general formula 

Mi 

CKi-C [!] 




(in the formula, Rj is a hydrogen atom or methyl group and R 2 is a hydrogen atom or chlorine 
atom or methyl group or monochloromethyl group), and 5 to 20 mol % of ester acrylate or 
ester methacrylate, or specifically dialkyl amino alkyl ester acrylate or dialkyl amino alkyl 
ester methacrylate, represented by the general formula 

/»• 

C& - °\ /*• [2] 

0 

(in the formula, Ri is as mentioned above, R 3 is a methyl group or ethyl group, and n is an 
integer of 2 or 3); or a copolymer comprising 94 to 60 mol % of styrene and/or styrene 
derivative represented by the general formula [I] above, 5 to 20 mol % of dialkyl amino alkyl 
ester acrylate or dialkyl amino alkyl ester methacrylate represented by the general formula [II] 
above, and 1 to 20 mol % of other vinyl monomer having a copolymerization property with 
each monomer represented by the general formulas [I] and [II] above (this product obtained by 
the aforementioned reaction is hereinafter referred to as "anti-slipping agent"). 

Here, both of the copolymers mentioned above can be obtained by using known solutions or 
the block polymerization method in the presence of a radical polymerization initiator, for 
example. The reason for limiting the quantity of dialkyl amino alkyl ester acrylate or dialkyl 
amino alkyl ester methacrylate represented by the general formula [II] above to a range of 5 to 
20 mol % is because sufficient anti-slipping action cannot be achieved if the quantity is smaller 
or greater than the aforementioned range. The same reason is present behind the limitation to a 
range of 1 to 20 mol % of the quantity of other vinyl monomer having a copolymerization 
property with each monomer represented by the general formulas [I] and [II] above. 

Representative styrene derivatives represented by the general formula [I] above include 
2-methyl styrene, vinyl toluene, chlorostyrene and chloromethyl styrene, while representative 
examples of dialkyl amino alkyl ester (meth)acrylate represented by the general formula [II] 
above include dimethyl amino ethyl (meth)acrylate, dimethyl amino propyl (meth)acrylate, 
diethyl amino ethyl (meth)acrylate and diethyl amino propyl (meth)acrylate. 

Representative forms of other vinyl monomer having a copolymerization property with each 
monomer represented by the general formulas [I] and [II] include: esters of acrylate or 
methacrylate such as methyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, 
2-ethyl hexyl (meth)acrylate, 2-hydroxy ethyl acrylate and lauryl (meth)acrylate; esters of 
maleate or fumarate such as dibutyl maleate, dibutyl fumarate and dioctyl fumarate; and vinyl 
acetate, and acrylonitrile. 

On the other hand, representative examples of the aforementioned quaternization agent include 
dimethyl sulfate, methyl chloride, acryl chloride, ethylene chlorohydrine, epichlorohydrin and 
other compounds commonly used as quaternization agents. When applying on cardboard or 
paper the anti-slipping agent, or the product obtained by reacting the aforementioned 
components, it is of course acceptable to apply the anti-slipping agent on its own, or a mixture 
of the anti-slipping agent with polyvinyl alcohol, starch, polyvinyl acetate, carboxy methyl 



cellulose or any other substance used as an agent for improving paper quality. 

The coating weight of the anti-slipping agent obtained in conformance with the present 
invention is normally approx. 0.5 g/m . However, this coating weight may be increased or 
decreased in accordance with the specific purpose for which the applicable cardboard or paper 
is to be used. 

Next, the method proposed by the present invention is explained in details using reference 
examples and examples. Unless otherwise specified, the terms "parts" and "%" in the 
subsequent text indicate "parts by weight" and "% by weight," respectively. 

Reference Example 1 (Example of Preparing Anti-slipping Agent) 

In a four-way flask equipped with a mixer, temperature gauge and recirculation-type cooling 
unit, 96.7 parts of styrene, 1 1.0 parts of dimethyl amino ethyl methacrylate and 130 parts of 
toluene were placed, after which 2.3 parts of azobis isobutyronitrile was added as a 
polymerization initiator and then the mixture was reacted for around 4 hours at a reaction 
temperature of 90°C to achieve polymerization. Next, the obtained anti-slipping agent was 
mixed with 4.2 parts of acetic acid and 300 parts of water, and then the mixture was heated to 
temperatures between 90 and 100°C to remove toluene, in a virtually quantitative manner, 
through distilling by means of azeotropy with water. 

Thereafter, the obtained product was quaternized by adding 4.4 parts of dimeryl sulfate, and 
.then the necessary amount of water was added to adjust the solid content to 20%. 

Reference Example 2 (Same as the above) 

An anti-slipping agent was obtained in the same manner as explained in Reference Example 1 , 
except that 83.2 parts of styrene, 5.9 parts of vinyl toluene, 18.5 parts of diethyl amino ethyl 
methacrylate, 7.8 parts of dibutyl maleate and 6.0 parts of acetic acid were used, along with 5.1 
parts of methyl chloride as a quaternization agent. 

Reference Example 3 (Same as the above) 

An anti-slipping agent was obtained in the same manner as explained in Reference Example 1, 
except that 64.5 parts of styrene, 7.7 parts of P-chloromethyl styrene, 23.6 parts of dimethyl 
amino propyl acrylate, 25.6 parts of isobutyl methacrylate and 9.0 parts of acetic acid were 
used, along with 11.5 parts of acryl chloride as a quaternization agent. 

Reference Example 4 (Same as the above) 

An anti-slipping agent was obtained in the same manner as explained in Reference Example 1, 
except that 88.4 parts of styrene, 12.8 parts of dimethyl amino ethyl acrylate, 14.9 parts of 
2-ethyl hexyl methacrylate and 4.5 parts of acetic acid were used, along with 6.0 parts of 
ethylene chlorohydrin as a quaternization agent. 



Reference Example 5 (Same as the above) 



An anti-slipping agent was obtained in the same manner as explained in Reference Example 1, 
except that 82.2 parts of styrene, 33.3 parts of diethyl amino ethyl methacrylate, 7.6 parts of 
lauryl methacrylate and 10.8 parts of acetic acid were used, along with 16.7 parts of 
epichlorohydrin as a quatemization agent. 

Reference Example 6 (Same as the above) 

An anti-slipping agent was obtained in the same manner as explained in Reference Example 1, 
except that 85.3 parts of styrene, 5.9 parts of 2-methyl styrene, 20.4 parts of diethyl amino 
ethyl methacrylate and 7.8 parts of acetic acid were used, along with 8.2 parts of dimethyl 
sulfate as a quatemization agent. 

Reference Example 7 (Same as the above) 

An anti-slipping agent was obtained in the same manner as explained in Reference Example 1, 
except that 101.9 parts of styrene, 4.7 parts of dimethyl amino ethyl methacrylate and 1.8 parts 
of acetic acid were used, along with 1.9 parts of dimethyl sulfate as a quatemization agent. 

Reference Example 8 (Same as the above) 

An anti-slipping agent was obtained in the same manner as explained in Reference Example 1, 
except that 78.0 parts of styrene, 46.3 parts of diethyl amino ethyl methacrylate and 15.0 parts 
of acetic acid were used, along with 23.1 parts of epichlorohydrin as a quatemization agent. 

Reference Example 9 (Same as the above) 

An anti-slipping agent was obtained in the same manner as explained in Reference Example 1, 
except that 67.6 parts of styrene, 18.5 parts of diethyl amino ethyl methacrylate, 39.0 parts of 
dibutyl maleate and 6.0 parts of acetic acid were used, along with 5.1 parts of methyl chloride 
as a quatemization agent. 

The anti-slipping agents obtained by Reference Examples 1 through 9, as well as commercial 
products provided for comparison purposes, were applied on cardboard or paper to evaluate the 
degree of slipperiness of resulting paper surface in accordance with the Examples explained 
below. 

Example 1 

The anti-slipping agents obtained by Reference Examples 1 through 9, as well as commercial 
products (Si02 type), were applied on grade C liner (grammage: 180 g/m 2 ) to 0.5 g/m 2 (solid 
content), along with polyvinyl alcohol (total saponification type) to 0.5 g/m 2 (solid content), 
using a 1-mil applicator, after which the coated papers were dried for 2 minutes at 1 10°C. 
Thereafter, the papers were stored for 24 hours in a thermohygrostat adjusted to 20°C and 65%, 
after which the slipping angle was measured on each coated paper. 



The slipping angle was measured in accordance with the inclination method (Japan Tappi. So. 
3 1-79). The slipping angles measured after one, five and 20 slipping cycles are shown in Table 
1. 



hxampie 2 

The anti-slipping agents obtained by Reference Examples 1 through 9, as well as commercial 
products (SiC>2 type), were applied on high-quality paper made by the neutral papermaking 
method (grammage: 65 g/m ; containing 14% of CaC03) to 0.5 g/m 2 (solid content) using a 
laboratory roll coater, after which the coated papers were dried for 15 minutes at 1 10°C. 
Thereafter, the slipping angle was measured in the same manner as explained in Example 1 . 
The measured angles are shown in Table 2. 
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Patent applicant: DIC-Hercules Co., Ltd. 



Amendment of Proceedings (Voluntary Amendment) 
December 15, 1980 

Submitted to: Haruki Shimada, Director-General of the Japanese Patent Office 
1 . Case Identification 



1980 Patent Application No. 128556 



2. Title of the Invention 
Method for Preventing Slipping of Paper 

3 . Person Filing Amendment 
Relationship to the case: Patent applicant 
Shigekuni Kawamura, Representative /Seal/ 
DIC-Hercules Co., Ltd. 

3-7-20 Nihonbashi, Chuo-ku, Tokyo-to 

4. Parts Amended 

"Detailed Explanation of the Invention" in the Specification 

5. Content of the Amendment 

(1) Amended "four paper producing agent" in line 4 on page 6 of the Specification to 
"quaternization agent." 

(2) Amended "dimeryl sulfate" in the last line on page 9 to "dimethyl sulfate." 

(3) Amended a part of the text from the last line on page 7 to line 1 of page 8 to read as 
follows: 

"... esters of aery late ... such as ... (meth)acrylate, 2-hydroxy ethyl (meth)acrylate, lauryl 
(meth)acrylate and stearyl (meth)acrylate...." 

(4) Amended "total saponification type" in line 9 on page 13 to "fully saponified type." 

(5) Amended "So. 31-79" in line 13 on the same page to "No. 31-79." 



Issued on September 28, 1983 



Publication of Amendments Pursuant to the Provision of Article 17-2 of the Patent Law 

Amendments were made to 1980 Patent Application No. 128556 (Unexamined Patent 
Application Publication No. Sho 57(1982)-56598 5 published in Publication of Unexamined 
Patent Application 57-566 issued on April 5, 1982) pursuant to the provision of Article 17-2 of 
the Patent Law. Accordingly, the aforementioned patent application shall be published as 
amended below. 3 (5) 
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Amendment of Proceedings (Voluntary Amendment) 
June 28, 1983 

Submitted to: Kazuo Wakasugi, Director-General of the Japanese Patent Office 

1 . Case Identification 

1980 Patent Application No. 128556 

2. Title of the Invention 
Method for Preventing Slipping of Paper 

3. Person Filing Amendment 
Relationship to the case: Patent applicant 
Shigekuni Kawamura, Representative /Seal/ 
DIC-Hercules Co., Ltd. 

3-7-20 Nihonbashi, Chuo-ku, Tokyo-to 

4. Parts Amended 

"Detailed Explanation of the Invention" in the Specification 

5. Content of the Amendment 

(1) Amended "101 .9 parts of styrene" in line 2 on page 12 of the Specification to "51.9 
parts of styrene." 

(2) Amended "78.0 parts of styrene" in line 7 on the same page to "104.0 parts of 
styrene." 
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